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Synopsis 
Nanoembedded particles have been produced by rapid solidification processing from the 
liquid phase in an immiscible system. The high cooling rate and undercooling allow us to 
have very large departure from equilibrium conditions. The present dissertation deals 
with the evolution of microstructure, orientation relationship, phase transformation and 
phase stability of bi-phase nano particles embedded in aluminum matrix as a function of 
temperature and size. The primary objective of the thesis was to investigate the effect of 
length scale on physical phenomena viz. melting, phase stability and superconductivity. 
The thesis reports the results of three ternary aluminum systems containing eutectic 
inclusions of lead-tin, indium-tin and bismuth-tin respectively. The systems and 
compositions were chosen keeping in mind the composition of solder alloys used in the 
microeIectronic industry. The present thesis shows that melting, solidification and 
superconductivity are size dependent. However, the stability of phases at different 
temperatures and composition do not necessarily depend on size. Additionally, the thesis 
demonstrates that the pressure developed in the particle during solidification and due to 
thermal expansion mismatch of the particle and the matrix influence the stability of 
various non-equilibrium phases. 
The thesis is subdivided into the following sections. Chapter 1 gives a brief introduction 
to the thesis. Chapter 2 reviews the relevant literature. The various processing techniques 
available for synthesizing embedded nano particles, kinetics of evolution of shape and the 
melting and solidification theories have been discussed. Chapter 3 illustrates the 
processing and experimental techniques employed for characterization of the different 
samples described in the thesis. Chapter 4 discusses the morphology and phase 
transformation of lead-tin alloy nanoparticles embedded in aluminum matrix. Detailed 
microstructural analyses of the melt-spun ribbon shows that for eutectic compositions 
both lead and tin possess an orientation relationship whereas for the hypo-eutectic 
composition only lead exhibits an orientation relationship with aluminum whereas the tin 
phase within the particles grows with preferred alignment of only one set of low energy 
facet. Differential scanning calorimetric studies show an asymmetric melting peak with 
significant depression in onset temperature. A diffuse solidification peak with very high 
undercooling (>lo0 deg) is observed upon solidification. The presence of three peaks can 
be discerned at lower cooling rates. The three stage solidification events can be ascribed 
to heterogeneous nucleation of tin and lead by aluminum followed by the eutectic 
reaction. In-situ microscopy studies suggest that the melt nucleates at the triple junction 
and spreads along the eutectic two-phase interface. Diffraction analyses suggest very high 
solubility of tin in lead in few small particles. Our results do not suggest the presence of 
any metastable phase. Chapter 5 discusses the morphology and phase transformation of 
indium-tin alloy nanoparticles embedded in aluminum matrix. The evolution of shape 
suggests that both liquid phase separation and decomposition of the metastable solid 
solution occurs in this case. The microstructure of this alloy is characterized by a bimodal 
distribution of very fine dispersions due to the solid-state decomposition and a coarser 
distribution of bi-phase particles due to the liquid-phase separation. Detailed 
microstructure and orientation relationship study of the melt-spun ribbon shows that the 
P-phase in the composite particles shows an unique orientation relationship with 
aluminum whereas the y-phase do not show any unique orientation relationship. The 
small sized fcc indium and bct tin particles formed via solid state precipitation process 
shows a unique orientation relationship with the aluminum matrix. Differential scanning 
calorimetric studies show a significant depression in onset temperature for melting and 
significant undercooling during solidification. An intriguing observation was 
transformation of beta and gamma phases to indium and tin with slow increase in 
temperature. The beta and gamma phases could be recovered when the sample was 
subjected to melting and resolidification. Chapter 6 discusses the morphology and phase 
transformation of bismuth-tin alloy nanoparticles embedded in aluminum matrix. In this 
system we obtain a metastable tin-rich phase, in addition to equilibrium bismuth and tin 
phase. Composition analyses and analysis of diffraction patterns obtained fiom the 
metastable phase predict that the metastable phase corresponds to a tetragonal tin-based 
solid solution. Detailed high temperature x-ray and differential scanning calorimetric 
studies indicate that the metastable phase is associated with large undercooling and 
increases in volume with cycling. The origin and stability of the metastable phase has 
been discussed in terms of the various pressure effects experienced by the melt during 
solidification. Our results suggest that the difficulty in nucleating tin in the embedded 
particles is the main cause for the formation of the metastable tin-rich phase. Chapter 7 
discusses the superconductivity of lead, lead-indium, lead-tin and indium-tin alloy 
nanoparticles embedded in aluminum. Lead in aluminum exhibits a Type I1 behavior due 
to enhanced solubility at small size. A size induced suppresion of superconducting 
transition temperature (Tc) and critical field Hcl and Hc2 were observed for all the alloy 
particles embedded in aluminum. Chapter 8 presents a summary to the thesis. 
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